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Abstract
Sphenoid bone may be affected by different variants of pneumatisation,
which have a relevant importance from a clinical and surgical point of view.
The description of such variants in different populations may give useful
information. However, few articles describe the variability of sphenoid
pneumatised structures and none of them focuses on Northern Italian
population. Variants of pneumatisation of sphenoid bone were described in a
sample of 300 Northern Italian patients who underwent a CT scan. Fifty-
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threeMore than fifty-seven percent of patients showed a form of anatomical
variant: the most common form was the pneumatised pterygoid processes
(39.6%), followed by dorsum sellae (32.9%) and clinoid processes (20.3%),
without statistically significant differences between males and females
(p > 0.01). In 26.3% of patients, a combined pneumatisation of these three
structures was observed, being the combination pterygoid processes-dorsum
sellae the most frequent (11.3%). In 9.3%, all the three sphenoid structures
were affected. This article is the first description of the prevalence of
different variants of pneumatisation in a Northern Italian population: the
occurrence of such forms has to be acknowledged for their possible clinical
and surgical consequences.
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Introduction
Sphenoid sinuses are considered the most variable structures in the human body
[ 1 ]; the assessment of anatomical variants of sphenoid bone and sphenoid
sinuses has acquired with time a growing importance in different fields of
application of clinical anatomy. A first example is provided by the improvement
of transsphenoidal surgery, first developed in 1907, which represents a standard
procedure for the treatment of intrasellar pathologies [ 2 ] and the exploration of
cranial base according to the degree of pneumatisation. In fact, sphenoid sinuses
may vary in shape and size, sometimes with accessory septa further segmenting
the air spaces [ 3 ]. In addition, the pneumatisation of sphenoid sinuses may
range from absent to extensive [ 4 ], sometimes extending into anterior clinoid
processes, pterygoid processes, greater wings, clivus, as well as also into other
bones such as vomer, palatine and occipital bone [ 5, 6 ]. Therefore, the analysis
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of pneumatised structured in patients has a relevant importance for a correct
planning of surgical procedures [ 7 ], as shown also by recent publications
concerning the use of extended transsphenoidal approach not only to suprasellar
and parasellar lesions [ 8, 9 ], but also to the floor of the middle cranial fossa
[ 10 ] and the petrous apex [ 11 ].
However, the variable morphology of pneumatised structures of sphenoid bone
may also represent a risk for iatrogenic lesions: in fact the degree of
pneumatisation is linked with the probability of exposition of important
structures, namely internal carotid artery, maxillary nerve and optic nerve into
the sinuses [ 4, 7 ]. In addition, pneumatisation of greater wings increases the
risk of penetration into the middle cranial fossa, with consequent leakage of
liquor [ 12 ].
For what concerns otorhinolaryngology, pneumatised structures may represent a
risk for chronic sinusitis [ 12 ], as well as possible involvement of maxillary and
optic nerves exposed into the sphenoid sinuses, with respectively trigeminal
neuralgia and visual deficit [ 12, 13, 14 ]. The epidemiological assessment of
different variants in general population is crucial: literature has already explored
the prevalence in different ethnic groups [ 4, 14, 15, 16, 17, 18, 19 ], but no study
has so far analysed the Italian population in depth. Yet the exact knowledge of
these variants may have relevant consequences in clinical and surgical practice.
This study aims at verifying the prevalence of main anatomical variants of
pneumatisation of sphenoid sinuses: the results will add a contribution to the
epidemiological data already existing in the literature.
Materials and methods
The study took into consideration 300 patients (150 males and 150 females)
aged between 25 and 99 years who underwent a CT scan in a hospital of Milan
(Northern Italy). The most frequent clinical requests concerned screening for
possible cranial fractures in cases of trauma (57.3%), sinusitis or nasal and
paranasal symptoms (20.0%) or for neurological symptoms (12.7%), without
differences between males and females. CT scans were anonymized to meet the
local and international ethic rules. All CT scans were performed on a second-
generation dual-source scanner, Somatom Definition Flash (Siemens,
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Forchheim, Germany); parameters of acquisition: kV: 120, mAs: 320,
collimation: 40 × 0.6 mm, tube rotation: 1 s; reconstruction thickness: 3 mm;
reconstruction filters: H21s smooth for soft tissues and H60 sharp for bone.
The analysis focused on the assessment of the type of sphenoid sinuses
(conchal, presellar, sellar and postsellar) [ 7 ], morphologically appreciable
prevalence of the right or left side, possible accessory septa, pneumatisation of
pterygoid processes, anterior clinoid processes, and dorsum sellae. Statistically
significant differences in prevalence of each characteristic between males and
females and association between different forms of aberrant pneumatisation
were assessed by Chi square test (p < 0.01).
Results
For what concerns the classification of sphenoidal sinuses, 77.3% of subjects
showed a sellar type, followed by postsellar (14.7%) and presellar one (8.0%),
without relevant differences between males and females (Fig. 1 ). In both males
and females, prevalence in size of the left sinus was observed with a mean
percentage of 56.7%. In addition, septa could be found in 62.7%; in 50.5% they
were bilateral, in 26.6% they were limited to the left sinus, and in 22.9% to the
right sinus (Figs. 2 , 3 ).
Fig. 1
Sagittal multiplanar images reconstructed with bone algorithm of different types
of sella turcica: a presellar: the sphenoid sinus ends anteriorly to the anterior edge
of sella turcica; b sellar: sphenoid sinus extends under sella turcica; c retrosellar:
sphenoid sinus extends posteriorly to the posterior edge of sella turcica
Fig. 2
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Axial CT acquisition reconstructed with bone algorithm of sphenoid sinuses: the
presence of three accessory septa on the right sinus (white arrow)
Fig. 3
Axial CT acquisition reconstructed with bone algorithm showing hypertrophic
sphenoid sinuses extending up to the greater wings, with a predominance on the
left side: the left sinus is segmented by three accessory septa
In the entire population, 57.3% of patients showed a form of aberrant
pneumatisation: the most common form was the presence of pneumatised
pterygoid processes (39.6%, Fig. 4 ), followed by dorsum sellae (32.9%, Fig. 5 )
and clinoid processes (20.3%) (Fig. 6 ).
Fig. 4
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Axial CT acquisition reconstructed with bone algorithm showing an example of
aberrant pneumatisation extending to the right pterygoid process
Fig. 5
Axial CT acquisition reconstructed with bone algorithm showing an example of
pneumatisation of dorsum sellae: in addition, the air space included in the
posterior edge of sella turcica is divided by a septum
Fig. 6
Axial CT acquisition reconstructed with bone algorithm showing an example of
pneumatisation of anterior clinoid processes: on the right side, the pneumatised
space surrounds the optic nerve superiorly
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Pneumatised pterygoid processes were most frequently bilateral (62.2%,
Fig. 7 ), without differences between males and females: on the other hand,
pneumatised clinoid processes were bilateral in 51.7% of males, and only in
37.5% of females (Fig. 8 ). No statistically significant differences in prevalence
of different types of pneumatisation between males and females were observed
(p > 0.01).
Fig. 7
Axial CT acquisition reconstructed with bone algorithm showing example of
bilateral pneumatisation of pterygoid processes: both the structures are affected by
an aberrant pneumatisation
Fig. 8
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Side of pneumatised forms of pterygoid processes and anterior clinoid processes
in males and females
In cases of pneumatised dorsum sellae, a septum was found in 18.2%, without
appreciable differences between males and females.
In 26.3% of patients, a combined pneumatisation was observed: the most
frequent type was the concurrent observation of pneumatised pterygoid
processes and dorsum sellae (11.3%). In 9.3% of patients, all the three sphenoid
structures were affected (Fig. 9 ).
Fig. 9
Prevalence of singleisolated and combined forms of pneumatisation of sphenoid
bone: PT pterygoid processes; CL anterior clinoid processes; DS dorsum sellae;
no pn. no other pneumatised structures
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Type of sphenoidal sinuses influenced the prevalence of different variants: in
postsellar type 89.6% of individuals were affected by aberrant pneumatisation,
whereas the same percentage amounted up to 17.2% in presellar type.
In addition, differences in prevalence of single pneumatised structures in
comparison with the combined forms were statistically assessed: in detail, both
male and female patients with a pneumatisation variant were more prone to
show other forms (p < 0.01).
Discussion
The study of anatomical variants of paranasal sinus region has acquired a
growing importance with the advent of procedures based on endoscopic sinus
surgery [ 20 ]. As other paranasal sinuses, sphenoid sinuses develop from an
invagination of nasal mucosa within the bone structures between the third and
fourth fetal month. Beginning points of invagination lately become the opening
of paranasal sinuses. Sphenoid sinuses usually reach the final morphology
during the adolescence [ 21 ].
Iperpneumatisation is known in the literature, with extension into other
structures close to the sphenoid body and other bones, with possible inclusion of
internal carotid artery, maxillary, vidian and optic nerves [ 14 ]. Variants in
pneumatisation of sphenoid bones are symptomless although literature reports a
case of swelling in temporal region and slight degree of axial proptosis of the
left eye in a subject with high-degree pneumatised sphenoid sinuses [ 22 ].
The epidemiologic study of variants of pneumatisation of sphenoid bone has a
relevant importance to verify the possible ethnically based differences. A
characteristic of sphenoid sinuses which seems to be strongly related to the
ethnic variability is the type of sinus: from this point of view, several
classifications have been proposed; for example, Hammer and Radberg
described three anatomic types of sphenoid sinus, conchal, presellar and sellar,
being the sellar the most represented (86%) [ 23 ]. Wang et al. proposed another
classification limited to the sellar category, with six types of sinuses based on
the direction of pneumatisation (sphenoid body, lateral type, clival type, lesser
wing type, anterior type, combined type); in their population, sellar type was
represented by 98%, and among them 59.2% showed a combined type [ 24 ].
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However, the classification by Hammer and Radberg is widely accepted and is
still the most used in practice [25 ]. Sellar type seems to be predominant in
different populations [ 7, 17, 26, 27, 28, 29 ] among which Asians [ 26, 27 ]
Malaysians [ 17 ] and Croatians [ 7 ], as also observed in the Northern Italian
sample analysed in the present article. However, other types are prevalent in
different ethnic contexts: for example, Madiha et al. reported 76% of presellar
type in an Egyptian population [ 30 ], whereas in the Iranian population
postsellar type is the most prevalent [ 19 ]. Type of sphenoid sinus is crucial as it
proved to have a relevant impact on the possible development of aberrant forms
of pneumatisation, as they are more frequently observed in highly pneumatised
types. The review of the existing literature confirms that the prevalence of each
type of sinus is widely influenced by ethnic variability [ 25 ].
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In addition, also the left prevalence of sphenoidal sinuses is confirmed by the
existing reviews [ 16 ]. On the contrary, accessory septa were more frequently
observed in the present study than by other authors [ 7, 28 ]. Accessory septa
could represent a limit for transsphenoidal procedures and, therefore, need to be
ascertained for a correct planning of surgical intervention.
However, the most relevant variations can be found in the assessment of
prevalence of different aberrant forms of pneumatisation (Table 1 ): for what
concerns pterygoid processes, literature highlights a prevalence ranging
between 16.0 and 39.644% with a relevant variability, also within the same
ancestry groups. The same is valid also for the anterior clinoid processes, whose
prevalence ranges between 6.0 and 33.1%. Less information is available for the
pneumatisation of dorsum sellae, although again the existing data show
discordances with the present results. This comparison stresses again the
importance of population studies for a more precise description of such variants
to obtain more information concerning their distribution and origin.
Table 1
Prevalence of the main anatomical variants of sphenoid bone in different ethnic groups and
comparison with the existing literature
Source Population
No. of
recruited
patients
Pneumatisation
of pterygoid
processes (%)
Pneumatisation
of anterior
clinoid
Pneumatisation
of dorsum
sellae (%)
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In addition, the present study provides other points of discussion which are
worth being analysed in depth by further population analyses, first of all the
coexistence of different forms of pneumatisation in the same individual: in
detail, the statistical analysis highlighted that subjects with a pneumatisation
variant are likely to show other forms. This indication may suggest a common
origin of different variants of pneumatisation, probably linked to the
development of sphenoid sinuses. In addition, surgeons have to expect that
probably patients may be affected by different forms of pneumatisation.
Secondarily, no differences were found according to sex.
The importance and limits of the present study need to be discussed: in surgical
procedures, the importance of pneumatisation variants of sphenoid sinus is
widely recognized, and they are accurately assessed on each patient. However,
the epidemiological study of these variants within the general population may
provide interesting data, especially for what concerns the existence of ethnic
processes (%)
Hewaidi
and
Omami
[ 4 ]
Lybian 300 29.0 15.3 –
Sirikci
et al.
[ 14 ]
Turkish 92 29.3 29.3 –
Arslan
et al.
[ 15 ]
Turkish 200 16.0 6.0 –
Rereddy
et al.
[ 16 ]
USA 100 44.0 – –
Lu et al.
[ 18 ] Chinese 200 22.3 5.0 12.4
Rahmati
et al.
[ 19 ]
Iranian 103 38.9 33.1 –
Present
study
Northern
Italian 300 39.6 32.9 20.3
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variability and the relative diffusion of different types of morphology within
different populations. In addition, the increase of data concerning the
prevalence of different forms of pneumatisation may help in formulating
hypotheses concerning their origin and development.
Finally, epidemiological data of pneumatisation variants in healthy population
are fundamental for next studies concerning their possible role in pathological
condition, such as chronic sinusitis: most of the literature in fact highlights that
variant forms of pneumatisation are usually asymptomatic and cases of
clinically evident symptoms are very rare [ 22 ]. The few data concerning this
issue derive from Kazkayasi et al. who analysed the probability of finding
aberrant pneumatisation in patients treated for chronic or recurrent sinusitis:
prevalence of pneumatisation of pterygoid processes and anterior clinoid
processes was, respectively, 39.7 and 17.2%, similarly to the present results
[ 31 ]. The present data are not sufficient to provide conclusive indications
concerning the possible role of pneumatisation variants in chronic sinusitis.
Clearly, the most relevant matters of concern linked to pneumatised structures
of sphenoid bone are represented by possible damages caused by
transsphenoidal surgical approaches: however, this does not exclude that such
forms may modify the aeration of pneumatised structures of cranium and,
therefore, have a relation with chronic sinusitis. Further studies on the affected
patients may provide additional data.
Another point for future analyses concerns the possible relation of
pneumatisation variants with other air cells and paranasal sinuses: for example,
several authors observed a positive correlation between the pneumatisation of
sphenoid sinus and mastoid air cells [ 32, 33 ]. Further studies concerning this
topic may provide additional information concerning the incompletely known
origin of pneumatised cranial bones.
AQ4
In conclusion, this article first provides a description of variants of pneumatised
sphenoid structures in a Northern Italian population. Further studies are needed
to obtain a more precise description of suchthese variants in different
populations.
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